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NATICONAL ADVISORY COMMITTEE FOR AERONAUTICS

TESHRICAL NOTE Wo. 1120

STANDERD NOMENCTLATURE FOR AIRIPEFDS WITH TABLES
ND CEARPTS FOR USE IN CALCULATIONK QF AIRSPEED
By William S. Aiksn, Jr.

SUMMARY

Symbols and definlitions of wvarious alrspesd terms
that have been adopted as standard by the NACA Subcom=
mittee on Alircraft Structural Design sre presented. The
equations, charts, and taebles required In the evaluation
of true =irspeed, calibreated sirsveed, equivalent alr=
sryeed, impact snd dynrnamlc pressures, and MNach snd Reynolds
numbers have been compileds Tables of the standard
atmosphers to an altitude of 65,200 feet and a tentative
extension to an altitude of 100,000 feet are given slong
with ths basic equations and constants on which both the
standard astmosphere and the tentative extension are basged.

INTEODUCTION

In snalyses of aerodynamic data very often wind-
tunnel or flight mesasurements must be converted into air-
speed and related guantities that are used in sngineering
calculations, Attsmpts to mccomplish such conversion by
use of avallable methods have been complicated by the
diversity of symbols end definitions and by the necessity
of referring to equations, charts, and tables from a
numbder of different sources., & standard set of symbols
and definitions of various alrspssd terms that wers
gdopted by the KACA Subcommittee on Lircraft Structursl

Design and a compilation of the nscsssary equations, charts,

and tables for converting messured pressures and temperw-
atures inbto alrspeeds, determining Meach numbers snd
Reynolds wunbers, snd determining other quantities such
as dynemic and iwnact pressurss that sre of intersst are
therefors presented hercin.

In tkhe preparation of ths pressnt paper results
that have been included in »>resvious papors have been
extanded to includs higher altitudss and gusasntlitiss not
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glven in the nrevious ps&»er~z, since recent rsquests hsave »
indicated the need for such an extension of standard-
stmosphere tables. o

The tables and flguresc have baen arranged for ecase
in determination of the airspeed, shich 1s usually bused
on the interpretatlion of measurerew*s of dlfferential
rressures obtalned with some pltct-stetlc arrangement.
The interrelation of the various alrspeed quantitiecs 1s
independent of the mebthod used in the measurement.
Instrument and installation errors have been assumed to
have been taken lato account.

STAMDARD SY:BCILS AND DZFINITICNS

At the November 19l mesting of the NACA Subcommittee
on Airceraft Strucstural Deslgn, represoﬁtativ fron the
Army, YNavy, CLA, WACA, and several alrcraft manufhctur TS
adopted &8 s+andavu the follovwing uymbo*s and definltions

for airspeeds .,
v true airapeed
V4 indicated airspeced (the reading of a differential-

ProssuUre airspeed irndicator, calibrated In '
accordance with the accepted standurd adlsgbatic -
formula to indicate true eirspeed for stendard
seua~level econditions only, unccrrscted for
inatrument and installasicn srrors)

v calibrated airspeed (the alrspesed related to 4if-
ferential pressure by the zccepted standerd
sdisbatic formula used in the calibration of
differential-pressure airspsed indicators and
agual te truc alrspesd for stendard sva-level
condltions)

equivalent alrspeed (Vcl/z) .

TUee of equivalsnt alraspeed in combination with
varlous subscrints 1s customar;, particularly in struc-~
turel design, to designate various deslgn condltions. ’
It is suggested that the foregoing syrbols ke retalned .
intact when further subscsripts are necessary.
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Most of the following symbols, which are used hereln,

have already been accepted &s standard and are used
throughout aeronautical literature., The units given apply
to the development of the equationsin the present report.

true airspeed, feet per second

calibrated airspeed, feet per second

equivalent airspeed, feet per second

speed of sound in ambient air, fset per second
Mach number (V/a)

mass density of ambient air, slugs per cublc foot

standard mass denslity of dry amblent air at sea
ievel, 0.002373 slug per cubic foot

density ratio (p/py)

dynamic pressure, pounds per square foot (%pV2>

Impact nressure, pounds per square foot (total
pressure minus static pressure p)

static pressure of free stream, pounds per squarse
foot

statlc pressure of free stream under standerd sea-
level condltions, pounds per squars foobt

temperaturs, OF or ©C

difference between free-alr tempersturs and tem-
perature of standard etmosphere, OF

absolute temperature, OF absolute or ©C absolute

standard-atmosphere free-air temperature, OF sbsolute

standard sea-~level absolute temperature,
518.L OF absolute
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Ty, harmonic mean absolute temperature, OF absolute
(defined in equation (E5))

f compressibility factor defined in equation (11)

To compressibility factor defined in equation (1€)

v ratio of gpecific heat at constant pressure to
specific heat at constant volume (assumed egqual

to 1.l for air)
absolute altitude, feet

hp pressure altitude, feet
& acceleration of gravity, 32.171L.0 feet per second
per second
m modulus for common logarithms, logipe (0.l3h25lk)
& coefflclent of viscoslty, slugs nsr foot-second
kinematic viscosity, square feet per second (u/p)
R Reynolds number (?%%

Rgyg Reynolds number for standard etmospheric condltlons

[ characterlstlc length, feet
CALCULATION OF AIRSPEED AND RELATED QUANTITIES

Because pltot-static arrangements are used as the
basls for the determination of airspeed, aeronautical
engineering practice has developed to Iinclude the use of
a number of alrspeed terms and quantltles, cach of which
has a particular fileld of usefulness. True alrspsed l1ls
nrincipally of use to asrodynamlcists, and indicated and
celibrated airspeeds are principally of use to pilots.
EBquilvalent airspeed 1s used by structural engineers,
gince all load speclfications have long been based on
thls gquantity.

Definlte relationships exlst between true alrspsed,
Mach number, Reynolds number, calibrated alrspeed, and
equivalent alrspecd, and all these quantities may be
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related elther to the dyhamic pressure q or to the
impact pressure g,. Some of the relatlons presented

herein apply to tho calculation of true airspeed and
Kach number from airspeed measvrements obtained with an
airspecd indicator of standard calibration. Cther rela-
tions apply to the calculation of true alrspeed when the
Impact pressure is msasured directly.

If 1t 1s assumed that the total-hesd tube and the
static-head tube measure their respective pressures cor-
rectly and that these tubes are connected to an appro-
priate instrument, the impact pressure measured is given
by the adiabatic equation when V < a:

{' _ X

rd - 'Y"’l
qc=p;(1+'*'zvl%v2> -1 (1)
[ /

Standard airspeed indicators ussd in Army and MNavy
airplanes since 1925 have been calibrated according to
eguatlon (1) for standard sea-level conditions; that is,
sccording to the equation when Vv < a,

¥ - 1 Pp w1 .
%, = pg (1 + el v02> - 1] (2)

waere the subserint U denotes standard sea-level con-
ditions and Vs ls the calibratsd alrspeed. The cali-

brated airspeed is, therefore, equal to true airspeed
only for standard sea-lcvel co ditions.
Determination of True Alrspeed
from Calibrated Alrspeed
The formula that relates the true airspeed to the

callbrated airspesd may be found by equating the right- -
hand terms of equations (1) and (2) as follows:

v ] [ —
2| )Ty e [ R )Ty )

2¢ p 2v DPg
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RBecause the exact numerical solution of equation (3) for
true alrspeed 1s involved and requires a great deal of
time, a number of charts for the dstermination of the
true airspeed from the callbrated airspeed for varlous
atmospheric conditions have been derived. (See refer-
ences 1 to 3.) A typlcal chart (taken from reference 1)
that shows the relationshlp between Mach number, cali-
brated airspeed, pressure altltude, temperature, and

true alrspeed 1s gilven in flgure 1. This chart 1s widsly
used becauge of its convenlence. Airspeed may be obtalned
froum this chart with an accuracy within 2 miles per hour
wien standard conditions hold and when values of airspecd
and pressure altitude expllicitly given by the chart are
chesen; the possible errors lnecrease to within 5 miles
per hour, however, when the temperature conditions sre
not standard and when interpolation 1ls requlred for both
gltitude and alrspeed.

For soms purposes, charts such as figure 1 are not
sufficiently accurate. 4 series of logarithmic tables
that may be used to detsrmine the true alrspeed in knots
from observed values of calibrated slrspeed, pressuvre
altitude, and free-alr tempersture 1is glven in reference L.
Logarithmic tables of the type given in reference Ll are of
limited usefulness since they cannot be used convenlently
to evaluate the Intermediate quantlitles (lmpact pressurs
and XMach number) that are involved in the computation of
true airspeed,

4 serles of tables (tables T to V) is given in the
vrosent report to permit determination of impact pres-
sure q, In pounds per square foot, kiach nwnber N, and
true alrspecd V in miles per hour or knots for obscrved
values of Vo 1in miles per hour or knots, pressurs alti-
tude hp in feet, and tempsrature in degrees Fahrenhelt
or Centigrede. The accuracy of the tables i1s far greater
than that with which experimental data can normally be
obtained., WW1lth ordinary care in interpclation, errocrs
should be less than 0.25 mile per hour throughout the
greater part of the alrspeed and altitude ranges.

Table I, which gives values of Impact pressure g,
in pounds per square foot for values of V., 1in miles per

hour, was computed directly from equation (2); stendard
values were used for all the constants occurring in this
gquation. Table II gilves values of iImpact pressure g

in pounds per square foot for values of V, in knots.
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In computing the values of ¢ in table II, the conver.-
sion from feet to nautical miies used was as fellows:

1 nauticsl mile = 6080.2 feet

Tables I and II give the impact pressures for V, in

increments of 1 mile per hour and 1 knot for speeds cor --
responding to Mach numbers at sea level from O to 1,000,

Table III gives values of statlc pressure p in
pounds per square foot for various values of pressure
altitude hy from ~1000 to 60,000 feet in increments of

100 feet and from 60,000 to 100,000 in increments of
1000 feet for standerd stmospheric conditions. (The use
of the term standardé abtmosphere throughout this report
includes values for the standard atmosphere up to an
altitude of 65,000 feeb and for the tentative extension
of the standerd atmosphere from 65,000 to 100,000 feet.)
The values given in table III were computed from the
equation

= o = log, ,— !
P~ Pogm Tp S0 (%)

which is given as equation (4) of reference 5 with slightly
different symbols,

From tables I or II end III the rsatio of impact
pressure to static pressure q,/p may be established
and the Mach number, which is a function of this ratio,
may then be found, The rcletion between Mach number
and qo/p 1is g}ven in relference 6 as
[t

2/7 1/2
‘C£1+-i) -1 (5)

\p ™ 7 ]

Table IV, which is taken directly from reference 6, gives
values of - Mach number for various values of the
ratio qu/D.

M=y5

The Mach number M 1s defined as the ratio of the
true airspeed to the speed of sound in ambient air and
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thus, with the Mech numbsr determined, the true alrsnesd
may e found by the use of

V = Ms (&)

Ths speed of sound in amblent &air 1s found from the
aquation

o = vq;% (7)

wnich may be rewrltten in the following forms when the
value of & 1s assumed egual to 1.4 and the elr is
assumed to follow the gas law
o T
= . B 10
b= Fopo T

Tf a is in miles ver hour and T 1s 1In degrees Feshren-
heit absolute '

Az, I‘__LZ'\‘.'T. (3 )

]

£

If a 1is in knots and T 1is in degrees Fahrenheld
absolute

a = 29,02/T (Sn)

If 8 1is in mlles Jer hour and T 1s in degrees Csntlie-
grede ansclute

a = L. 8l /T (o)

If e ls in knots end T 1is in degrees Centlgrsde
absolute '

1

38, 9/T (le)

Table V glvss the speed of sound for values of fres-air
temouerature in degrees Fahrenhelt, and table VI gives the
sreed of sound for temperatures in degrses Centlgrade.
Tacles V and VI glve the speed of sound both in miles per
hour and 1n knots.

a

In order to i1llustrate the use of tablss I to VI to
determine the trus sirsveed from calibrated alrsvssd, the
following example 1s presented:
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Given:
Czlibrated alr speed V, = 398 miles per hour

Pressure altitude hy = 22,000 fset

Temperature +t = -120 R
To find: _
True airsvwead V 1in miles per hour
Step (1) _
From table I, for V, = 39¢ miles per hour,
Qe = lU33.7 pnunds ser square foot
Sten (2)
From teble TII, for hy = 22,000 feet,
n = £59%,% nounds ner sguars foot
Step (3)

Pror these values,

do _ u33.7 _ 2. L85

> T 293.3  HO%Y
Step (L) 4o
From table IV, for 4= = 2.L:855,
¥ = 0,77%6
Step (5)

From teble V, for t = -12° F,
a = 706,9 miles per hour

2tep

G~
& O
[w}

se of equation (6),
V= Ma = 0,7736 X T06.9 miles per hour

= 546,85 mtles per hour
Determination of Truse Airspesd from Impact Pressure

Tn order to convart measurements of impsct nressure
to true airsmeed, the static pressure and the sjesd of
gound must be known, It is convenlen®t first to determine
the Mach number from measurements of the impnact Jressure
and the static nressure. Table IV may be used to find
the iach number from the ratio of g to p and
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tables V.and VI may bs used to find the speed of sound
for various values of the frece-alr tempersturses. The trus
eirspeed may then be determmined from equation (6).

Determination of Dynamic Pressurs and
Eguivelent Alrspeed

In order to reduce flight-test data to coefflclent
form or to demonstrate compliance with certaln structural
regulrements, either the dynamlc pressure q or the
equivalent airspeed V must be determined., The relations
of dynamlc prsssure and equivalent airspeed to impsact
pressure, stetic pressure, callbrated alrspeed, and liach
raumber are therefore pressnted.

Since the dynamic pressure g 1s by definition
1
a = 5pv2 ()

it may be expressed as a functlon of the impact prsszure
by selving eguatlon (1) for true alrspeed and substituting
the resultant expression intc seguation (9), which rsduces
to

q = f2q ' (10)

where

Y

| 2

4

Values of the compressibility factor f are given in

figure 2 as a function of qg/p. The dynamic pressure
may also be expressed as a fun0uicn of Mach numbor and
static pressure from equations (6), (7)), and (39) =a

q = gpmﬁ (12)

Since the egulvalent airspeed Vg 1s by definition

= 1/2 — (1%
Ve Vo / T\/ po \ljo
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the relation between the equivalent alrspeed in miles _
per hour, lMach number, and pressure ratio can be derived
froem squaticns (6), (é), {13}, and the gas-law equation
as

Vo = T60.9% /- (1)
=0

The variation, determined from equation (1), of eguiva-
lent airspeed with Mach nurber for pressure altitudes
from U to 100,000 feet is given in figure 3. For con-
venisnce, the true alrspesd that appiies to the standard
atmosphere computed from equations (1) and (1) 1s also
included in figure 3. :

Finally, expressions that will relate the true alr-
speed, the calibrated airspeed, and the equivalent alr-
speed are determined. If ecuation (2) is solved for V.:

) o S R
v, = “LETI\EQJF 1) VA (15)
\Y —CL‘D / B 0
i
i -1
_rt _Pol 9_0_”)? Y (16)
\,Y-lqc o .
equation (15) becouses:
Vo = £, —2 (17)
R

The compreasibility factor £, 1is glven in figure 2 as
a runction of q,/fg-. Similarly, the true ailrspeed may
be written

o
=q
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wrom equations (17) and (18)

V"’Oi% %Q (19)

when equations (1%3) and (19) are summarlzed

£ [PQ Po .
V= Yo e e = V. — (2\'_-)
© fo\/p © 2 :

¥or convenicncs, ecuations relating the varioua
airspeed quantities are listed in apnendix A,
Dstermination of Reynolds Number
ir comparisons of flight and wind-tunnel resclts
charts rslating the Reynolds nunber te the Maclh number

have been found convecnlent.

Reynolds numwber 1s defined by the formula

- Vio

e el 3T
1

<ﬂ§
o
\

where ¢ 1s a charactsrilistic length such as the chord.
Taquation (21) may be written so that the Reyaolds number
is exoressed as & function of Mach numbsr and absolute
temperature in degrees Fahrenbelt for unlt values of the
characteriztic length 1 as

R _ hg.02mT (22)
7 v

In order to Tacilitate the determination of Reynolds
nuriber, 'lzure l has been preparsd to show the variation
of tho factor Rgga/? with HMech number end pressure
altitude, where Rgpg 1s the Reynolds number computed
on the basis of the stendard atmosphere. Pigure l(a)
holds Tor pressure altitudes from sea level to 50,000 feet,
a2nd filgure l(b) holds for pressure altitudes from €0,000
vn 100,000 feet.
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In orde» to account for free-air conditions other
than standard, filgure 5 1is given to be used in conjunc-

24 )18 ‘]37/2
198 T + 216

cation for the use of this equation given in the section

sntitled "Properties of Standard Atmosphere") is substl-

tuted into eguation (21}, ﬁhe Reynolds number factor may
be written

tion with figure L. When p = {Justifi-

T + 216

6 —
10 (23)
)

1,232pM

«ed
]

The Reynolds number factor in the standard atmosphere
becomes

Rata _ 1.252pMTStd 216 106
A m 2
a3td

(2ly)

When equation (23} is dividsed by eqguation (2l

Tqtg + 216 '
( )( a * 216) (25)

Flogure 5 gives R/Rgtg &8s & function of pressure albti-
tude and the deviation At of the free-alr temperaiure
from standard tcniperature for a given pressure altltude.
In equation form,

At = T = Tgpq (26)

The curves of Tigure 5 becoms stra;gut lines for pressure
altitudes =sbove 35,332 fest, since Tgeg 18 constant

sbove thic altlitude rangs.

In order to 1llustrate the procedure to be used in
determining Reynolds muber, the following example is
nresented: .



il NLCL TN No. 1120

Given:
Mach number M = 0,75
Pressure altitude hn = 35,000 feet
Characteristic length 1 = 10 feet

Deviation of free-alr temperature from standard
temperature 4t = -10° F

To find:
Reynolds number R
Step (1)

From figure L(a), for M = 0,75 and
h, = 35,000 feet,

R,
td
222 o 1,800,000 per foot

Step (2) oo
For 1 = 10 feet,
R_.. = 18,000,000

Step (3)
From figure 5, for hy, = 35,0C0 feet
and At = -10° F,

L 1,036
Rgta

Step (k)
BFrom these values,

R = 18,600,000
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PROPERTIES OF STANTARD ATNMOSPFERE

For many gurooses, =uch &s pnerformance and lned
anlculations, the concevt of a steandard atmosphasrs has
roved to be very useful. The United Stetes standard
tmeosphnere weas offlciaglly adopted ir 1925 (referance 7).

refsrence 7 tables are zgiven that are of most uss
the calibration of Instrumenis. The propertiss of
nls atmoschere were originally tahkulated by Dienl
referance 5).

R
h?

TamgRye
s

Table VIT gives the standzrd atmospheric values

ul to altitudes of &5,000 fest and inzludes quantities
et have besn found tn be of use in the Interpratation
of sirspeed and rslseted fectors. Triese guantities are
the vreasurs in pounds per savere foct, the presssurs

In inchss of wstar, thne speed of sound, the coefficient
of viscosity p, oné the kinerstic viscosity v. All
thie quantities giver in teble VIT are in the English
system of unite for every 520 fsct of altitude up teo
b5 QCO feet.

Tha veluas giver in teble VIT for the cosificient
of viscoegity p and the kinametic vigsosity v arve
n>t standerd valuss since a standardization of alr
visccsity has not been sgresd upcn ss yet. The
valuves listed for u and v are delleved to s
sarficiently =sccurste, howsver, to bs useful in

calculations requiring viscoszity of air.

21 gltltudes frem sea level to 35,000 feat, ths

_ 2 p Iin pounds ner sqguar:s fect and in Inchs

witer was datermined from ths reatio p/po given in
c

raference 5 and values of ths 1res=urg et sza leval
of 2116.2 pounds per square oot and LO7.1 iankes
of weter, The sea-leval pressure in pounds 758Yr sJULTS
a0t is hased on ths pressurs in inckes of mEroury
&t 228 F of 29 le. Thz seo-letel rressurs in inshes
of w T3y 1% ba sn ths cransurs “n inshog of mavew
A 525 F oend whtc? st 530 F. The preg2are O 17

cﬁes 01 merc,ry Inr ﬂl+itud up to 35,000 fest is
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The gquasntities mass denslity p ard density
ratio ¢ are also tzken directly from reference § for
the altitudes from O to 35,000 fcet, For altitudes sver
35,070 feat the vressures, the mess density, and the
density ratio were rscalculated, since a Mminrnor error was
dlscovered in the calculations of reference 5 for the
~ressure ratio for altlitudes ebove 35,7232 feet,

The quantity 1A/ 1s given to facllitate the
computetion of the true airspesd V TIfrom the seguivslant
airsgesd V.

T:e absolate tempsersture in dsgrees Fahrenheit was
obteined from refereancs § excer>t for altitudes above
72,000 fest, where interpolstion was neceszary at the
5Q00-fzct stetions,.

For resdy reference, the standsrd values and the
rariaticon with altituds of tesmrmorsture and dsns.ity
sriginelly used in ths comoutaetions for the standsard
atnosvhere are includad in sppendix B of the »resent
REDOITa

T.e spveed nf sound in riles per hour comduatséd from
equation (U} is given in table VII., A4 value of & = 1.L
vas assuwed to hold for the terjereture range that is
included tn table VII.

e coefficlent of viscoslty p was computasd from
the formula '

- = (z7)

Tyuation (27) wss obtained from reference 5 by senverting
the agquation given therein to the Englicsh system_ -1 units
wnd by starting with a velue of u = 3.725 X 197 con=
slstsnt wlth the standard sewwlevel condl tions.

The kinemetic viscosity of eir v was obtainad
from the definition

—
v
@]

g

Sati!
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TENTATIVE EXTENSION OF STAEDARD ATNOSPI=RE

The NACA Specisl Subconmmd ttee on the Toper 4Ltmoa-
phere et a meeting on June 2, 1946 resolved that the
tentative extension of ths standard atmosnhere from
65,220 to 100,000 fzet be based upon a constant comdo=-
sition cf the atmesohere and an 1sothermal tempsrszture
vhich are the same gs standard conditions at 65,000 fast,.
This tentative extended isothermsl rsgion snds at
32 kilometers (apoproximetely 105,000 ft). It is possible
that a8 results of higher altitude btzmmerature soundings
become availebls end the stendard eftmosrhere ls sxtended
t2 very high altitudes the »resent recommendsation may bs
modifisde.

"he BSubcommittee glso recomrsndzd that ths veluss of
tomverature glven in the following table be considered as
marimm and winimum values occurring for ths givsesn &ltie
tudes with the varisastions bsitweon the specified joints
to be linzar:

Temperaturse
Lltitude (“C absolute)
(Ycm) Mnimum Maximum
20 1890 250
25 -== 250
45 200 30

4 tentativa sxtznsion of ths standerd astmosphere
computed from ths equations gilvsn in anvendix B using the
rscommended iscthermal tempsraburs is glven in table VIIX
for eltitudes from 65,000 to 100,000 fest. All guentitics
Ziven in table VII ere included in tsble VIII.

L:ngley Memorial iseronauticul Laboratory
Mational Advisory Cormittee for Asrconsutics
Langley Fisld, Vs., July 17, 1946
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APPURDIX A
STMIARY OF EAUATTONS RETATING ATRSPEED QUANTITTES

The =squatlons relatias the varlous alrspeed quantli-
tles, which are given in the present paper, are es follews:

— -

f
{ ——
o

< | 2

[l Jg

1 - l ’1‘
a =rpif1 + £ 2 V‘\ -1 for V¥ <a (41)
i o) / t

Y]
o -t
-1
a. = poif1 + < Po y 2\ -1 for V<a (42)
c 0! W Py c |
X ,
1 = 5077 (£%)
q = ffq, (al)
q =Lpu? (25)
_ P %0 .
P = Popy T (4c)
™ '\"'l ]
_ v o lza v \
£ = \ — ==+ 1 - ll (A7)
- L Q..c \ B / !
/ i w1 ]
" Poi/4 N T .
o = T T \“9 + 1} -1 (ad)
© Yt P
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M =95 {@E ’ 1>2/7 ) FC/E (49)

B
g = = {£1C
2 v | (£10)
ir a is in miles ner hour and T 1s in degrees Fahren-
rheit sbsolute
& = 33.42:,T (411)
If a 1s in knots and T 1s in degrees Fahrenhelt
absolute
g = 29.02\/T (£12)

I a 1s in miles per hour and T 1s 1n cegrees Csnti-
grade absoluts

Ll . 8lia/T (al3)

m
I

If a 1s in knots and T 1s in degrees Centlgrade
gbsolute

a = 28.3l./7 (a1l)
V = Ma (£15)
v = f\/_a:g?i (A16)
2G,
Ve = Lo 3 (A17)
v, = vol/2 =y f— (218)
~ 0

Vo (mph) = 760.9% \/% (2139)
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APPENDIX B

CONSTANTS AND EQUATIONS FOR USE IN COMPUTATICIS

The

CF STANDARD ATHCSFIERE

values of the standard atmosphere given herein

ara based on the following values:

Sce-level pressurs Pg

29,921 in. Hg

107.1 in. Hp0
= 2116.2 1b/T:4

Sea-level tempsrature tg = 599 F

Sea-level absolute temperature T, = 513.Lo

Sea-level density p, = 0.0C2373 slug /T2

mravity g = 32.1730 ft/sec?

sl

a'l -
Temperature gradient = = 0.00356£E17° F/F%

The

¢h

altitude of the lower limit cof the isothermsal

atmosphere 35,332 ft

Specific welght of mercury at 329 ¥ = £.3.7145 1b/rt3

Specific weight of water at 59° F = (62,272l 1b/£tD

Up to the lower limit of the isothermal atuosphere (-67°
cerresponding to 35,322 ft) the tewpsrabture 1s assuamed to

decrcease

Further,
ras that
the mass
Peérature

linesarly according to the equation
T = TO ~ ==h (Bl)

the atmosphere 1is assuned to be a cry perfect
obeys the laws of Charles and RBoyls, ac that

density corresponding tc the pressure snd tem-~
i p 0
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In reference 5 the pressure and altitude are related by’

h = po——-é-:{ '-:-D——O—_LO:..J‘lO—:_ﬁ- (/’35)

vnere m 1s the modulus for cormon logerithms, that is,

m = logloe‘= O 5h29] (BY4)

The hearmonic mean btemperature T, 1s given by

Al + Anh T eea

. LAh _ 1 2
= = (25)
. ZAI.:.. Ahl Ahy - .
bE + + R
a—\r T |"'I g s 09 .
avy Tavp
where Tavl’ Tavz’ e:e are the average temperativres fcr

the altitude increments Ahl, Ahz, cesa
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TABLE III’
STATIC PRESSURE p 1IN POUNDS PER SIUARE FOOT FOGR VALUES OF
FRESSURE ALTITUDE hp FROM -1000 TO 100,000 FEET

Pressure
altitude, 0 100 200 300 Loo 500 600 700 800
Bp
<1000 1
-0 glg% 2186 ‘2178 2170 2162 215l 2147 2139 2131
0 [2116 2108 210; 209 2086 20 2070 2063 2056
1000 |2041 2033 202 20 2011 20 1996 19183 1
2000 {1968 13 0 ig 3 ig 6 3 53 1322 1321; X 1910
000 |[1896 1889 Zér 186 1 1855 18L8
000 | 1828 1821 1830 18 1800 1 % 1787 1780 177
5000 1760 1750 177 12&.1 1 1? 1221 1715 1
5000 |1696 1 1683 1676 1670 1664 1658 1651 1
e E I B - B
9000 |i512 1506 1501 95 12%3 2 78 1272 3
10,000 1 é 19
11,000 11339 e nae | B %575 Ba B |3 115*56
:
3000 1363 |18 |28 | ¥R |1 P8 |28 (2R | BY
:LE' 00 1233 mga 123% 1218 121% 120
15,000 |1l é 11 11 1180 153 1170 1165 1160 115
16,000 11?; 11 113 1133 1 1123 112 11l 1110
17,000 noé 1096 1 1 1083 10; 105% 1070 106
28,000 |10 1052 1 1 103 10 10 1026 1
19,000 |20 1009 1005 1001 996.8 992.6 988.5 984.3 $80.2
20,000 o1 68.0 63, o . 1, R . . .
237000 g}i.o 2263 ga.i 58%.2 §§Z.§ %223 %%Z.% g%z.a §?.%.3 3
22,000 93,3 822 o7 1.9 78.2 7L, 0.7 SZ.O 63.2 ;.6
23,000 8?.5.3' 852, .5 g Shl.s ngz 8zL.0 83 g 826.9 8 3.3
,000 882.' 8i6.,2 | 812.% 809. os.g 802, 8.7 5. 791.g 788.3
29,000 78..91 781 ] 778.0 .6 77, 767.3 76!;.2 76242 Te .5
Sree | Rao| BeElmEp) me2) RA | Rev | BB | B7 | G| B
28,000 Z%?Z!; I 5| éB1.2 Z%z Z'zs.z 207211; 663.1 | 666.1 | &83.1 | 660l
29,000 657.1] 65h.2 | 651.2 6,8.3 5.0 &2, 639.5 636.6 633.7 630.9
30,000 628.0| 625.2 | 622. 619.5 616.6 613.8 611.0 608.2 605. 602.7
AR AR COF AN SOk AR AR
S )l a) | gl ) B ) 2 A
*000 . i 2. 6. . 85, . 181.2 | L78. 6.6
g,ooo L;?n.?,.u h.??g.l Lx.969g h967.2 L65.0 l;.sg.z l,.é"{.g 58.8 us.% hglx-.h
,000 7 [53.2 0.1 | 4h7,9 % .8 . 1,6 . la.g'?-h- L35.5 | L33.2
gg,ooo 21.1 ?9.1 t.z;,o ug.o E%,Z !Lijil,o iﬁg% 13;17.0 %12.0 Ki3.o
39,000 | LIl.0 09.1 07.1 Lo5.2 03,3 ho1,3 3939.4 975 95.6 395.7
ko, 000 391.9 | 390.0 | 388.1 386.3 38.5 382.6 380.8 379.0 377.2 375.4
BB s B2 i B 0 | BB
hz:ooo 359.6 33712 3263 | 337 | 335.1 | 505 | 300 ?3%3 326.8 | 325.3
o | Bel| mhe | | | R | B | aes | BBS | apt| A
5000 2] 292:8 . 0.0 88, 87. 85. 281, 283.2 | 281.
ERE L HE IR AR SRR AR R A RE
T . . . . . 9 . . .
9:000 255.0 | 253.7 | 25 ? 251.3 250,.1 2h8.9 ?7.7 2)36.6 zzzu 231-,.2
50,000 2h3.1 | 241.9 | 2ko.8 253.6 238.5 23,2.3 236.2 235.1 234.0 232,8
1,000 231.7| 230.6 azg.g 22 LaL zzz.3 226.3 225.2 22f,.1 22%.0 222.0
,000 220.9 | 219.9 | 218. 217. 216. zls.z 211?..7 213,7 212,6 211.6
g,ooo 210.6 | 209.6 { 208.6 207.6 206. 202. zo).;.z 202.Z 202.;, 201.8
+000 200.8 | 199.8 | 198.9 197.9 197.0 13 .1 1 z i.g . 1&. 132.)4
55,000 131.h 130.2 189.6 188.7 187.8 186.9 .0 2.1 18h.2 1 %
o |1E8) pe | B3 M2 RS iES |2 |3 )BT 0
E 1000 12%:9 183 1?%22 163, 6.7 | 182 | 183 | & 159. 15809
9,000 %?,oé 1571 | 156.6 155.5 155.1 1540 153.7 52,9 152, 151.5
0 1000 2000 3000 1,000 5000 6000 7000 8000
60,000 150.8 .8 | 137.1 130.7 | 12k.6 118, 113.2 107. 102,
0000 3%.55 153.-17 g.oo 31.3 %.26 Z}Z 73.23 [3 .35 65.32
,000 58,01f 55.31}1 52,72 50,2 Lr.92 g L3.55 L. Zﬁ?ﬁ
90,000 35,970 34.30] 32.70| 31.17 29.72 28,23 27.01 25.75
100,000 23,31
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TABIE V
SFEED OF SOUND FOR VARIOUS VALUES OF FREE-AIR

TEMPERATURE IN DEGREES FARREMHEIT
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TABLE VIIT

PFROPERTIES OF THE TENTATIVE STANDARD-ATHOSFHERE EXTRNSION
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